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This Manual presents guidance on procedures for use in the engineering design, construction moni-
toring, operation and inspection of coal refuse impoundments and embankments in the United States. 
It is an update of the original 1975 edition and reflects advances in engineering, construction, and fa-
cility monitoring and operations practices. The primary intent of the Manual is to serve as a uniform 
guide to safe refuse disposal practices for those concerned with coal mining and preparation. The 
Manual serves this purpose in several ways by: (1) providing experienced embankment dam design 
engineers with the characteristics of coal refuse and its disposal so that their experience can be ap-
propriately applied; (2) providing specialized technical knowledge concerning embankment design 
in a form that can be used by engineers who do not specialize in this field; (3) updating geotechnical, 
structural, hydrologic and hydraulic design criteria for a range of embankment and impoundment 
conditions, and spillway and drainage structures; (4) providing guidance on disposal requirements 
and limitations for mine operators to include refuse disposal in the overall coal production operation; 
and (5) providing guidance on construction, operation, inspection, monitoring and instrumentation, 
and emergency action planning associated with the implementation of safe and reliable designs. 

The 1975 edition of the Manual was prepared following the failure of a coal waste dam at Buffalo 
Creek, West Virginia, that resulted in 125 fatalities. This Manual update was prompted by the recog-
nition that significant advances have been made in the fields of coal waste disposal and dam safety 
in the 30-plus years since the original Manual was published. Another impetus was an incident that 
occurred in Martin County, Kentucky, in 2000 in which over 300 million gallons of water and fine coal 
refuse from a slurry impoundment broke into an underground mine. Slurry subsequently flowed out 
of two mine openings and impacted streams in two separate watersheds. This incident prompted the 
U.S. Congress to provide funding to the National Research Council (NRC) to examine ways to reduce 
the potential for similar accidents. The NRC’s report, “Coal Waste Impoundments: Risks, Responses, 
and Alternatives,” which was released in 2002, included a number of recommendations for MSHA. 
One recommendation was that MSHA “continue to adopt and promote the best available technology 
and practices with regard to site evaluation, design, construction, and operation of impoundments.” 
MSHA reported to Congress that one measure to address the NRC recommendations would be this 
updating of the original Coal Refuse Design Manual.

The guidance presented in this Manual represents information, methods and procedures that are rec-
ommended for consideration by designers, coal operators, and regulators. The guidance presented in 
this Manual is not regulation and cannot be enforced as such. It is not intended to preclude the ap-
plication of other credible methods and procedures or the use of other and new information that will 
result in a safe and reliable coal refuse disposal facility. It is the responsibility of the designer to inves-
tigate the requirements of the project, recognize the unique and critical aspects of the site conditions, 
and prepare designs that reflect actual site conditions, features, loadings, and constraints.
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In this update of the Manual, new chapters have been developed on seismic design and on site min-
ing and foundation issues, two topics that can have an impact on the type of disposal facility de-
signed. The long operating life of coal refuse facilities makes monitoring of embankment behavior 
and facility maintenance particularly important. The sections on operation, monitoring, and instru-
mentation summarize procedures and devices to aid the designer and operator for defining and 
implementing an appropriate field observation program. In addition, general guidance is provided 
for the preparation of emergency action plans. These plans are recommended for certain dams and 
impoundments,and are required by some state regulatory agencies and encouraged by MSHA as 
part of addressing hazardous conditions under 30 CFR § 77.216-3.

In addition to concern for safety, the Manual addresses environmental considerations and controls 
that may influence the design of embankments and impoundments. Executive Order 11514 – Protec-
tion and Enhancement of Environmental Quality, dated March 5, 1970, requires all Federal agencies 
to “Monitor, evaluate and control on a continuing basis their agencies’ activities so as to protect and 
enhance the quality of the environment. Such activities shall include those directed to controlling 
pollution and enhancing the environment and those designed to accomplish other program objec-
tives which may affect the quality of the environment.” The Manual does not present guidance in es-
tablishing criteria for environmental controls (e.g., hydraulic conductivity of liner systems), because 
such guidance is more appropriately left to other references and regulatory agencies.

This Manual is intended to provide the designer with an important source of information. However, 
the text and accompanying figures, tables and references should not be applied without proper engi-
neering knowledge and judgment.  Responsibility for actual design lies with the Professional Engineer 
in responsible charge of the work. The use or application of the methods and information contained 
herein is strictly the responsibility of the person utilizing the material. Designs should be based on 
sound engineering principles and judgment and reflect actual site conditions, and they should not 
merely be patterned after a successful design used at another location or possibly portrayed in the 
Manual. The designer should be diligent and recognize that advances in approaches, criteria, and 
methods will occur that may affect the applicability of portions of any reference or design guide. 

This Manual was prepared by engineers and scientists with background and experience in the 
subject matter, with input from MSHA personnel who review design plans and conduct investi-
gations at disposal sites. Overall direction and technical content were provided by Mr. Robert E. 
Snow of D’Appolonia Engineering. Manual coordination was performed by Dr. James L. Withiam, 
D’Appolonia, and final editing of the text was provided by Dr. J. Timothy Onstott. Proper recognition 
to the entire Project Team and D’Appolonia staff for their devoted efforts is not possible here. The 
main contributors to and reviewers of technical chapters are noted in Table 1.

Special recognition is also given to Mr. John W. Fredland, Dam Safety Officer for MSHA, as the contract-
ing officer’s technical representative, Mr. Harold L. Owens, Mr. George H. Gardner, and to other MSHA 
personnel who provided many valuable comments in suggesting content and reviewing the text for 
publication. Finally, grateful appreciation is given to those in industry who provided input and review 
comments during the process of preparation of this document. This includes input from the National 
Mining Association and its consultants, as well as federal and state agencies and universities.

This Manual is available in hard copy and DVD. The DVD format includes hyperlinks and search capa-
bilities using Adobe Acrobat Reader software. Hyperlinks allow the display of the highlighted citation 
of a figure, table, appendix, or selected reference in the text. Selected references (in PDF format) that 
are available in the public domain are included on the DVD version. For references not in the public 
domain, reasonable efforts were made to obtain copyright permission. No hyperlink is provided for 
references of substantial size, lack of availability in the public domain, or where permission for reprint 
could not be obtained. The complete citation for all references is provided in the References section.
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Suggestions for changes, corrections, or updates to this Manual should be directed to:

  Mine Safety and Health Administration
  Pittsburgh Technical Support Center
  Mine Waste and Geotechnical Engineering Division
  P.O. Box 18233
  Pittsburgh, PA 15236
  Attention: Dam Safety Officer

For any suggested changes, corrections or updates, commenters should identify specific pages, para-
graphs, tables, or figures within the Manual, along with proposed replacement or new material. 
Sources of proposed material should be completely cited, along with permission for use in a future 
revised edition of this document.

This document is intended solely for noncommercial and educational purposes. The material pre-
sented in this Manual has been prepared in accordance with recognized engineering practices as cited 
herein. The guidance should not be used without first securing competent advice with respect to its 
suitability for any application. The publication of the material contained herein is not intended as any 
representation or warranty, either expressed or implied, on the part of the individuals, firms or agen-
cies involved, or any other person or organization named herein, that this information is suitable for 

TABLE 1  MAJOR AND EXPERT CONTRIBUTORS AND REVIEWERS

 Chapters 1 to 5
    Introduction, Background,
    Planning and Design Components

Mr. Robert E. Snow, D’Appolonia Mr. Richard G. Almes

  Chapter 6
    Geotechnical Exploration,
    Materials Testing, Engineering 
    Analysis and Design

Dr. James L. Withiam, D’Appolonia
Mr. William J. Johnson, D’Appolonia
Mr. Joseph W. Premozic, D’Appolonia
Mr. Christopher J. Lewis, D’Appolonia

Mr. Richard G. Almes
Dr. Umesh Dayal

  Chapter 7
    Seismic Design: Stability and
    Deformation Analyses

Mr. Michael Paster, GEI
Mr. William J. Johnson, D’Appolonia
Mr. Christopher J. Lewis, D’Appolonia
Mr. Richard F. Tobin, GEI

Dr. Gonzalo Castro, GEI
Dr. William F. Marcuson
Dr. Peter K. Robertson
Mr. Blaise E. Genes, CEC
Mr. Richard G. Almes

  Chapter 8
    Site Mining and Foundation
    Issues

Dr. James L. Withiam, D’Appolonia
Mr. Robert E. Snow, D’Appolonia
Mr. Christopher J. Lewis, D’Appolonia

Dr. Vincent A. Scovazzo, J.T. Boyd
Mr. Frederick R. Vass, Alliance
Dr. Kelvin K. Wu
Mr. Richard G. Almes

Chapters 9 and 10    
    Hydrology and Hydraulics
    Environmental Considerations

Ms. Colleen M. Campbell, D’Appolonia
Mr. Robert E. Snow, D’Appolonia
Dr. J. Timothy Onstott, D’Appolonia

Mr. Richard G. Almes

Chapters 11 and 12
    Construction and Disposal
    Operations
    Monitoring, Inspection and
    Facility Maintenance

Mr. Robert M. Shusko, D’Appolonia
Mr. Robert E. Snow, D’Appolonia

Mr. Frederick R. Vass, Alliance
Mr. Richard G. Almes

Chapter 13
    Instrumentation

Dr. James L. Withiam, D’Appolonia Mr. Richard G. Almes

Chapter 14
    Emergency Action Planning

Dr. J. Timothy Onstott, D’Appolonia Mr. Richard G. Almes



vi

Preface

MAY 2009

any general or specific use or promises freedom from infringement of any patent or patents. Anyone 
making use of this information assumes all liability resulting from such use. Reference to commercial 
products or firms and use of trade names and trademarks in this document is for descriptive purposes 
only, does not constitute endorsement, and may not be used for advertising or promotion purposes.
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